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@ Electrochromic cati testers* 

© Tha praaant Invention relates to an 
eleefcochernicei eel and a stats-of-charg* tes- 
ter therefor, cwactartaed in mat the taster m 
secured to the eel and cornprtses eiectroo- 
hromc material which changea colour accord- 
ing to the redox potential to which it is subject 
and which provides an indication of stste-of- 
charge of me oati thereby, said etec&ochremic 
matanai betng sandwiched between eJectricafly 
oonducM layers conneetabie with opposing 
atfmjneJa of the cel. the outermost layer perm* 
ting « user to vtauejry dettrrrtne me colortmev 
nc state of me eJo ctt oet v omi c matanai. the 
taster preferably being cornp rts e d m e label for 
the eel ma a dv an tage being mat the cell can- 
not set as a heat sink as I would tor a thennoc* 
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The upper surface of the electrocnromic matenal 
should be in contact with a suitable electrode. Accord- 
ingly. It la necessary that at least part of tha flm is vis- 
fete through the electrode. This may be achieved by 
various means, such as by using a transparent or 
translucent electrode or electrolyte, the electrolyte 
serving to contact e wire, for exampU. which then con- 
nects with a terminal. Alternatively, the electrode may 
be in the form of a fine matrix covering the tSm. 

A switch may be employed to connect the tester 
when desired. Such switches wfl be apparent to those 
skilled In the an If me teeter Is In permanent contact 
then It ta preferred to use an eJectrocfranc material 
which drains a mmimum of power from the ceo. typi- 
cally a solid material 

It ts preferred to use several different eiectroc- 
hromic materials for the present invention, so that dif- 
fering state* cf charge of the cell may be ascertained. 
Thus, etocmxhromtc materials may be selected 
which change colour at different potentials. According 
to whch or how many change colour wll indicate the 
stats of charge. 

When such different indicators are used, then 
they may be disposed as desired. They may be dis- 
posed on top of one another in increasing order of 
activation, so that onty one colour is ever visible, but 
the colour which visible wQt Indicate the state of 
charge. Artemattvefy, they may strayed side by side, 
and the number or arrangement of different colours 
can be used to indicate state of charge. Other suitable 
arrangements wOl be apparent to those skilled in the 
art 

In the event that the indicators are disposed side 
by aide, each indicator may be a separate taster if 
deeJred. and each may share conductors wth 
anotner, or have ita own conductors, again as desired. 

tf the indicator goes dear on activation, then thia 
may be used to expose a message, I desired. Thoee 
indicators exposing a colour may be conformed so as 
to display a massage of that colour, or may be 
beneath a mask which can show the meesege. Other 
suitable conhgursoons w* be apparent to thoee ski* 
led in the art 

In aooordance whh mo present invention, a com- 
bined battery and battery tester Is provided. A housing 
contains toe acflve components of the battery and haa 
a pair of external tarmnais. A tester for the battery ts 
disposed on the housing. The taster includes a work- 
ing electrode comprtamg an electronic conductor and 
an etec&oonromic material that undergoes a visible 
change aa a reeuft of a redox chemical re action. An 
ionteairy conducting etec&otyte is In contact with the 
working aie mud e, A counter elecvode le in elecmcal 
contact with the eJecootyis layer. The visible ehange 
in the electrocNomic materia! Is visible through the 
working or counter electrode. A pelr of electrical con- 
ductors are provided for connecting the working and 
counter electrodes to the external terminals of the bat- 



tery for testing the battery. 

A measuring device is provided for detecting and 
measuring the state of charge of a cert or battery. The 
device employs an elertochrornic material. The eleo 

s trochromte material changes colour (change in light 
absorption) as the material changes oxidation state, 
a redcx-type reaction, under the influence of a DC 
potential applied directly to the electrochromic ma- 
terial. The electrochrornic material may be s solid, a 

io solkl in solution or a liquid in a liquid solution. Solution 
devices are sometimes referred to ss electrocfiernic- 
hremic devices. The measuring device can be appfled 
to the battery housing, the label on the housing or the 
end covers to measure the state of charge of tha oeU. 

1$ Preferred embodiments are as follows: 

A combined battery and battery tester compris- 
ing: 

e bousing containing the active components of said 
battery and having a pair of external terminals; 
20 a tester for said battery disposed on said housing, 
said taster Including: 

a working electrode comprising an electronic conduc- 
tor and an electrochrornic material that undergoes a 
visible change as the result of a redox chemical reac- 
ts bore 

an ionicafly conducting electrolyte in contact with said 
working electrode: 

a counter electrode in electrical contact with said elec- 
trolyte layer wherein the change is visible as viewed 
30 through the working or counter electrode; and 

a per of electrically conductive members for connect- 
ing said working and counter electrodes to said exter- 
nal terminals of said battery for testing said battery. 

A combination as described, wherein the counter 
ss electrode and the working elecbodes set the voltage 
range of the teeter, and the counter electrode com- 
prises a metal « metal oxide, an organic conductor or 
an electrocftromic material. 

The electrochrornic material may be an inorganic 
40 material, or an organic material. 

Preferably, the efectrocttrornic material Is WO* 
MOO* TO* SnO,, CrtO* NfO* MhjO* MnO^AQjO 
or Prussian blue. 

Aftemativety, the electrochrornic material is a thin 
46 fflm reaction product on the surface of an electrode 
resulting from the electrolysis of an aqueous rnbeture 
of potassium tungstats, KjVVO* and oxalic acid 

The electroc hr omic material may be in solution In 
so an elec£otyte, such as wherein the organic material Is 
a redox indicator as an electrolyte solution, and pref- 
erably wherein the organic materials Mude pH indi- 
esttog materials which undergo colour change on 
reaction wKh an active compo ne nt derived from the 
SS solvent. 

The organic materials may be phendphthaletn, 
methyl violet ethyl red. methylene blue, naphthof blue 
black, N.N-dimethyfindoaninne and NK-diphertyi- 
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benzidine. 

The deegocft rc aiBC material may be a solution of 
*en anodic compound and a cathodte compound in a 
Suitable torrent wtth at least ona of the compounds 
undergoing a tubttanbal change in molar extension 
coefficient upon oxidation or reduction under the influ- 
^ence of an applied DC electrical potential. 

The electrolyte may be a gel or a polymer electro- 
lyte, for example. 

Suitably, the teeter includes a franaparent cover 
and one of the working and the counter electrode is a 
transparent coating on the cover, preferably wherein 
one of the working and the counter electrodes is e 
' tranaperent thin coating of a metal and/or one or more 
metal oxides, and/or a doped substoieruornetRC oodde 
of indium, tin, cadmium or zinc and/or fluorine- or ant>- 
mony^Jopod tin oxide. 

Further preferred embodiments include: 

A combination battery and battery teeter compris- 
ing: 

a housing containing the ective matertsJs of a battery: 
a pair of spaced terminals on the housing for providing 
electrical connection with the active material in me 
housing: 

a battery condition testing device on the housing, the 
device comprising: 

a working electrode comprising an electronic conduc- 
tor, 

a layer of dectrochromic material covering at least a 
portion of the surface of the electronic conductor and 
a transparent cover including a transparent conduc- 
tive member on the inside of the transparent cover for 
contacting the dectrochromic materid and forming 
with the working electrode a dosed eJe co oc ni o nw c 
cat and 

a pair of conductors tor connecting the docfrocrtrornic 
call to the spaced terminal* on the housing for deter- 
mining the state of charge of the battery. 

A battery oondtton teeter oompnsing: 
a base member. 

a working electrode on one surface of the base mem- 
ber, the working d s Uiud e cornprtaing an electronk. 
conductor an d e rirtcd contact with an aie cttoch r ui*: 
material that wd undergo a change In optical ab eo r p* 
tion as a result of a redox chemkaal reaction upon 
application of a DC potential: 
an tonJceJty conducting decuulyte in contact wtth the 
working electrode; 

M counter elect ude In electrical contact with the elec- 
trolyte; 

a cover member for attachment to Ota base member 
for enclosing the tester and through which the doo- 
trcchromio material can be viewed: and 
a pair of etectncafy conduct** members tor contact- 
ing the woriong and oounttr etectrodee for providing 
electrical connection to external terminals of a battery 
to be tested. 

One of the working and the counter sis mode* 



may be a transparent conductive coating on the inside 
of the cover member: the de ca o ch ronvc material may 
be a coating on the workfng decbcda. 

In general, other components may be as des- 

s cribed above: 

The counter first electrode may be metallic and 
with the working dectrode determines the overall 
alectrochromic cefl potential, or the counter dectrode 
may be e second dectrochromic material. 

10 One of trie dectrodes of the tester may be s load 
along which the potential decreases. The tester may 
be permanently mounted on the battery to be tested, 
or may be included in a labd on the battery to be tes- 
ted. 

is There is dso provided a battery and dectroc- 
hromic stata^f-charge indicator for the battery com- 
prising: 

a housing for containing the active components of the 
battery; 

K an end cover for each end of the housing forming the 
external terminals for the battery; 
at least one dectochromtc stated-charge indicator 
mounted on one of the end covers and in dectrical 
contact therewith; 

23 anelectrical cira^ meaner connecting trw opposite 
external tarmind of the battery to the dectrochromic 
stated-charge indicator to apply a DC potential 
directly to the dectrochromic material to cause the 
material to change opted absorption aa the result of 

x an oxidation/reducbon reaction induced by the 
direcSy applied DC potential, the resulting visual 
appearance of the dectrochromic materid indicating 
the state of charge of the battery. 

There is further provided the combination of a bat- 

u tery and a label for the battery that mdudea a battery 
condition tasting device oompnsing: 
a housing for containing the gdvanically active com- 
ponents for the battery; 

a pair of end covers for the housing to oompiete the 
to battery and to form the extemd ttvmiriais for the bat- 
tery; 

a layer of materid substantially covering the housing, 
the teyer of material Including on the outer surface 
thereof the graphics for forming a label: 
45 a first electrically conductive material on a portion of 
the labd forming the first dectrode of the battery con- 
dftion testing device: 

a layer of dectrochfcrrac material on the first dectri- 
cafly conductive material; 

to a second deefcteafly conductive materid on the dec- 
troctxrornic materid forming the second dectrode of 
the ba^ condition testing device; an kxiteafty con- 
ductive dectrolyte in contact wtth the first and second 
electrodes; and 

M a pair of decfrted conductors for connecting at least 
one of the first and second dectrodes of the battery 
condition testing device to the extemd terminals of 
the battery. 

4 
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The cornpmaaon preferably has at least one 
opening therein to allow the eiectrochromic layer to be 
•ten. or the second electrically conductive layer is 
trmneparent to enable the eJectrochromic layer to be 
seen. 

There it yet further provided a battery and label 
for the battery, the label Including a battery condition 
tatting device oomprlting: 

a battery having first and second external terminals; 
a label on the battery: 

a battery tasting device on the label, the battery test* 
ing device including: 

a first electrically conductive material on a portion of 
the label forming the first electrode of the betory con- 
dition testing device; 

an ol eUioctuuiiM C material on the first electrically con- 
ductive material; 

a aeccnMectricafly conductive material on the elec- 

troc hr or nJ c material forming the second electrode for 

the battery condition testing device; 

an ionicalry conductive electrolyte In contact with the 

first and aecond electrodes; and 

a firs: and ascond electrical conductor on the label for 

etectneeiy co nn e ctin g the first and second electrodes 

of the better/ condition testing device to at least one 

of tfie external terminals on the battery. 

In addftton, there is provided a label for a battery 
including a battery condition testing device comprie- 
ing: 

a substrate for the label; 
graphice on the substrate forming a label; 
a battery testing device on the label, the battery test- 
ing device including; 

a first eiecartcaWy conductive material on a ponton of 
the label tarring the first electrode of the battery con- 
dftion testing device; 

an eJectrocftromic mastHaJ on the first eiecaicafly con- 
ductive metenei; 

a second elecoicafly conductive materiel on the else- 
iroenronee mete net lornung sie eecono etecoooe «or 
the basery condition testing devioe; an lonicaly con- 
ductive eteutnaytt n contact wtji Vie fiat and second 

«| t . j— ■ it ■ My! 

i^wiwi, «no 

a first and aecond elecotaal conductor on the labet for 
eiocfrtcety oonnocting the first and aecond eiectrodee 
of the battery oondtton testing devioe to at least one 
of tht external tsnninefe on the battery. 

Trtecesietfi Aether provided me method for prep- 
aring a label for a battery Including a battery condtton 
taster oornpneing the fcaowring s tep s! 
providing a aubaassj; 

fort rung on Vte substrate a pattern of ofocoonicely 
conducbVe material; 

applying to the electronicsey oono\jctive material an 
elecoochrornic materiel and an lonicaly conductive 
etecti d^yst; 

epplying to the elecoochrornic material and electro- 
lyte a second electronically material, one of the eleo 



tronicady conductive materials being a material 
through which the vfe&Je change in the electroc- 
hromic material can be viewed; 
providing on the label eJectriceily conductive means 
6 for connecting one of the electricerty eortdoctive mate- 
rials of the battery condition tester to one external ter- 
minal of the battery and for connecting the other 
electronJcefly conductive materials to the other exter- 
nal terminal of the battery. 

The method preferably includes the following 
step mounting the label and the battery tester on the 
battery with at least one of the electricaffy conductive 
means in electrical contact with an external terminal 
on the battery. 

Thus, the present Invention provide* a teeter for 
use in determining the voltage and state of charge of 
a battery. The teeter can be permanently mounted on 
the battery and employe an eiectrochromic cefl which 
changes visual appearance, for example, colour or In- 
tensity of colour when efectricefly connected •cross 
the terminals of a battery. The ol oOjodumuc oefl 
undergoes en cjtidetiorrteduction reaction on direct 
application of the DC potential of the battery. The col- 
our of the eiectro chro mic cell can be compared with 
a colour comparison chert to determine the condtfion 
of the battery. 

The tester can be permanently electrically con- 
nected to the battery or, preferably, can be connected 
momentarily to determine the state of he battery. 

The present invention wfil now be further ilua- 
trated with respect to the aeccrnparrying drawings, in 
which: 

Fig. 1 is a scrten^ ei^^tlcy^ viewed the bat- 
tery tester of the present Invention acc o mpan ied 
by a scale far compering the colour of the mdlcat- 
ing device and de t er m i ni n g the state of charge of 
the ceil: 

Fig. 2 is a sectional view taken along the tine (Ml 
of Fig. t; 

Fig.3 be perspective view of a battery having the 
messuring devioe mounted on me housing; 
Fig. 4 Is a plan view of an and cover far a battery 
showing a pattern of m ea s u r ing devices; 
Fig. 5 shows an end cover wfth a single meaaur* 
Ing device; 

Fig. 6 Is a plan view of an end cover having an 
elongated arcuate measuring device along with a 
battery status colour scale; 
Fig. 7A la a simplified schematic of the eiectroc- 
hromic cefl connected for an open circuit test of a 
battery; 

Fig. 78 shows the simp! fled schematic of Fig. 7A 
with a swftch added to Isolate the measuring 
devioe from the ce fl; 

Fig. 8 is s eimplffled e ch em a tic of a dosed circuit 
measuring device; 

Fig. 9 is e simplified schematic of a device 
employing a resistive load which is dso an tite- 
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bode of the dectrochromic cad; 
Fe> 10 to a partial elovationai view of • label tor 
a Itsnw; Mudlng * printed battery concfiban 
testing device; and 

Fig. 11 to 9 p«rti "eoctlonaJ.Tiew showing the 
tabel «nd battery condition testing device of Fig. 
10 applied to a battery. 

Referring to Fs> 1. • «lfP*«* decoochromlc state 
of battery charge determining device to shown and 
(f ^M gfi^ilY by the number 2a The device has 
a trsneparent oover 21 for containing the several corn- 
ponente of me measuring device. The cover 21 hasa 
window or top surface 23 through which the elecmx> 
hromto materia 29 can be vwwad. Bectrieai conduc- 
tors 27 end 29 extend from each end of the measuring 
device. The conductor 27 to shown ss being of hde- 
tanTw^ter^andhssatennh^ 
to an external terminal of c battery. Lkewisa, (he con- 
ductor 29 to shown of Indetem Ona te length and hea a 
tenrmel 53 far ccnnectksn to the opposite tsmsnaJof 
the battery to be measured. A switch to echemadcafy 
fluaomd at 33 which can be used to connect the 
meeeurtng devtoe 20 across me tenntoeis of a battery 
being tested. A colour scale 37 can be mounted on the 
hew? of the battery 20 tor providing a reedy colour 
cornperteon for the eiecbochromlc material to deter- 
mine me atata ef charge of the battery. ' 

tn mg. 2. the atato-ci^heroe indicator 20 to ahown 
mourned on a battery 39, only a portion of which to 
shown, tn me example ahown here, the irtdcator com- 
prises a cover 21. a counter electrode 26. an tonicafly 
conducting eiectrafyte layer 24, and the electroc* 
hfomio woriuhg electrode which enmpnsee conduc- 
ive electrode 41 and electrocftornie meterial 25. 
Counter decftode 28 can be part of fee battery label 
or the battery housing. An dec&onfcaOy conductive 
etocm>le 41. which to at least pertsOyco 
patent to coated on the inner surface of cover 21. 
AnomaOVe inuctfl catton a of this oonstructton wit be 
epperent to moee defied in the art For exampte,one 
or mere eleUiochromlc materials, which can be me 
same of etferertf metadata, can be deposited or 
coated on bom the t s f iap ere nt aJacsode 41 and 
counter electrode 26% which can be nofhmvtspareM. 
A further inodMcatton tnveNes ooefing or deposing 
an eeMBoctninto materiel 26 on electrode 20 which 
men becomes the etectrochromto wen^ deobode. 
Further n >ui Jffk ti*?* ** rf 11 11 prfoanatruo- 
don can be found In Proc Symposium on Etoceoo- 
htomJo Materia**. VoL U.K. Carpenter 4 0. A 
Corrigan. Edkors, The Beca^chemkiaJSocie^, Prin- 
ceton, HX. 1900 or si Large Area Chrornogenica: 
Materials and Do » ices tor TransmBtence Control. C. 
M. Larnpest and a a Oranqutot fcoltonk Opocd 
Enortewtog Press, Beang h a m , Washington, 1««. 

The s-s mp orent etocxronlc oonductor 41 cen be 
made of a mm metal layer or metal oxide such ss 
doped substoWwjmetric oxides of todkm^ ts^ cad- 



mium or line, for example a fluorine- or antirnony^o- 
ped tin oxide, at long as the bansparent ectfiducthre 
matatM to compatible win the oarnpcoentl of the 
eiectrochromfc oatL The praparaoon and sppdoaoon 

5 of such n anspa rent : doctrtcaPy conductive fims to 
wetl-koown in the art. A description of such tanapa- 
rent etsctricsJ cenductoni is gKren in the artide by h3afl 
R. Lynam enttted transparent B ocbun ic Conduo - 
tors/ Proc Symposium on BeUiuUuornic Materiato, 

to Vol. 90-Z MJC Carpenter 4 D. A Corrigan, Edta*, 
The Bectochemfcaf Society. Princeton. RX. 1990. 

rf the dectoxmrorrsc matattais used ti the ceil 
have suttabte eiectricd conductivity, they can njiKtion 
both es one of the electrically cenductrve electmdas 

« In the tleui oc hr o mlc cafl and as the material under- 
going the redox reexbon and exhfljtting cotoor 
development or change. 

The electron/to materials sutshte for use in the 
e lo ctnxhnarnic cafl may be Inoroaiifcor orys^ 8^id 

» wedid.oroombinattonethereotto 

electrolyte materide such as pory^-eorylamido-2- 
methyl propanesuftonte add fpdyfAMPSB. 

The cover 21 can be made of any of the we*- 
known rtnspersnt plastio matertoto audi as pofyvinyl 

23 chloride, ndyvswttoene chtoride. pdyethylene. 
pUyest er s and the Hce. 

The etectrochiomic materiel used to ttisMts-of. 
charge msasuring cefl can be ether an organic or sn 
inorganic material which changes colour or cotour in- 

» unsdy, that to, optical absorption, on applicati on of a 
DC potential. The active material In the eiectroo- 
hrornic cefl undergoes an oxkiatiortfrgducbon i roao- 
tfan. conrnonry referred to as a redox reedJon, ki 
order to develop or change colour. The optical 

ss absorpth^ofmecetttocttttr^ 

bode fcom one stats toanotlier with an external power 
source. 

In some cases, the ele UiuUiiowlc materiel teetr 
may not undergo the redox reaction bu t may re act 

40 wn^areooxpioducttoproducoacd 

txampte of suoh a system to the production of OH 
aiectrooharnicaUy fauowed by the reecdon of toe OH 
wtm an organic pH todteatfng dye to give a colour 
change. This type of eleUiocrso mlc system to ds- 

49 dosed in USA-3JZ80.701. 

E kKiiuUsuuOuiiiat e is^ wfso^showa^ 
change In ex ttn edo n coeffictont are preferred so that 
very lltte electrode material (and hence • very amafl 
amount of oment) to required to produce a vSWe ook 

•o c^change-Thtetotooontrasttothsmioc^ 

crystal materiala which develop a change ki colour 
whan a phase change takes piece auch as going bom 

a solid to a BquM crystal phase. 

In or ga nic elcOiudiromlc materials are rdpresen- 

m t^byWO^MoOvTX^Sr^CrjO^NK^MnOjOv 
AfljO and Prussian btue which are typical of many 
waSAnown solid Inorganic sleuiuUucrnte n^tariato. 
Such ntsterials have been studied extansrvery In 

9 
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applications such as optical fa tars, one-way glass. 
. and variable reflectance minora. These materials can 
^ be used In a solid form as a coating applied to the 
transparent conductive coating on ma Interior of the 
cover of the device. s 

Example 1 

A tuftcata^voontaintng compound was prepared 
by electron/sis of an aqueous mixture of potassium jo 
tungstate, KjWO*, and oxalic add, KjCrO*. The com- 
pound was deposited by electrolysis onto an optically 
• trana parent eiecfronicafly conductive coating previ- 
ously deposited on a plastic auoatrata. This com- 
pound can function In the same manner aa WO, 1$ 
which, as pointed out above, is s weiMcnown electroo- 
hromic materiel but which cannot be reedty obtained 
commercially aa a fttnv The deep blue electrocrtrornic 
fame obtained by tne K,WO«-H|C,0 4 reaction could 
be cycled tn 0.1 N suffurtc add and appeared to be 30 
stable after 200 cycles at 3 Hz between 0.0 to -0.4 volt 
vs a saturated oaJomel reference e l e Oiud e (SCE). 
This material is coiour-Jess at potenttats more positive 
than -0.1 volt and blue at potenttsis more negative 
than -0-3 volt va SCE. The Intensity of the blue colour is 
increased aa the potential was decreased to -OB volt 

Representative of solid organic electrochromic 
matertais include many macrocydie and pefycydic 
materials such ss metal phthalocyanines, potypyrrofe 
end potyanline snd common dyes and redox fruft- so 
cators such as naphthoi blue black and N^t-dlohenyf- 
benndlne. These materials can be applied h solid 
form as a flm on the transparent conductive layer on 
the inside of the cover of the device. 

One euch aoQd material. N-benzy(anaine, was ss 
selected aa an example of an organic material which 
can be porymenaed eiec^oehemical ty to produce con- 
_/ . ductive <1 ecu uu mum lie flrna. 

Example 2 to 

The e l e muUaian i c alecoode was prep ar ed by 
elecororys* of a 0.1 M N-benzytanline a1J)M phos- 
phoric aod aa deamfjed by Nguyen and Dao in J. 
Becsrochonx too. 136. 2131 (1969). Poiy(N-ben- ss 
2ytanfline)^yiAMPS))nrVO| 8o*d-Sate Eteetroo- 
hromic Cat. The flm prepared by this method could 
be cycled m 044 U surftjric add from a deep 
blue/green at 0 J von a? a tsneperent yellow at 0 J 
volt va SC€ reference. This etecaode was cyded 200 So 
times at 3 Hi wflnout apoerant Oegradatlon. 

The wortung eJocuudo compnang conductive 
electrode 11 and aiecvochromic matenai 25 of the 
eie mucisism. oat shown In Fig. 2 is placed so that tt 
la in contaatwith an ontasfly conductive layer 24. Thie ss 
layer 24 is also m oantact wth the counter electrode. 
Since the atata-of-charge measuring device la to be 
applied dracby to the battery housing or end cover, 



the counter electrode does not have to be transpa- 
rent. 

The counter electrode 28 In the slccro chromic 
cell is an electronic conductor and can be a metal a 
metal oxide or an organic conductor, it can also be 
made of. or contain a coating of, an electrochromic 
material, or a combination of the aforementioned 
materials, for example a coating of an electrochromic 
material on a metal or a metal oxide. The main 
requirement for the counter electrode In the electroc- 
hromic atate-of-charga indicator la tfiat It poise the 
overall electrochrornic cell potential at the correct 
level for me ceil or battery to be tested The potential 
may be the raauS of an electrochemical couple 
intentionally added or an adventitious Impurity. 

In addtton to the ays terns using solid eiectroo- 
hromic materials and an electrolyte, as me n tioned 
above, the use of systems employing a single layer 
functioning as both the eJeetro chromic material and 
the electrolyte. Le., electt)chemichromie systems, is 
contemplated. In this modmcaboa the efedrochernjc- 
hromJc material induces an anodic component and a 
cathodic component which undergo oxidation and 
reduction at the respective electrodes. Both the 
anodic and cathodic components may contribute to 
the observed colour change and each electrode may 
function as a Vvorking electrode* and a •counter elec- 
trode.* Both electrodes (the electronic conductors at 
which the electrochemical reactions take place) can 
be made of the same or different material; however, 
at least one electrode must be at least partially trans- 
parent to permit observation of the visible change In 
the dectrocrtrcmic material. Materials such aa eta/v 
derd pH or redox Indicators, tor example phendphtha- 
lein. methyl violet ethyl red, methylene blue, 
N.N-oTphenyt benzidine, naphthoi blue black or HJt^ 
diphenylbenzidine can be used. Further examples of 
such eJecrochemichromic systems can be found tn 
USJ^-t ^02,108. These Include N.N.tf.N'-tet- 
rernethyM,4-phenyler^ernrne; 5,10-dirfydro-6,10- 
dmethylphenazine and HJN'jrJ i c i fctr iy ttr lphoneri- 
noxazftne. Phenolphthalem, methyl vtolet or ethyl red 
provide an indlcatrve colour change through the oxi- 
dation and reduction of the sorvent (tor example HjO). 
As described above, the indicator material does not 
itself undergo e redox reaction but instead reacts with 
another species, for example protons from water, 
which are produced by the redox reaction. 

When the etectrocrtetrdcruomic metarule do not 
form suitably tonteaffy conductive solutions, a small 
amount of a compatible electrolyte materiel can be 
added. The electrcchemtefaomic solution can also be 
thickened by using polymeric thickeners such aa 
pafyrnetriyfosmaoryutts. p ulyethyiena Ox*)* pory-2- 
acr^arnido^fnethyl propeneauflbnto add lpdy(AMPS)] 
or the Idee. 

Referring to Fig. 3. a typical C or D size dry ceil 
battery is shown and Indicated generally by the nunv 
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ber 50. A typical battery hu a cylindrical housing 51 
and an and cover 53 in contact with positive terminal 
85. The epposss and cover la indicated by 57. On me 

* aids of housing 51 is an tJectrccrvomic state-of-char- 

> ge tester indicated by ma number SO. Tha battery test- 5 
ing device can have one or mora a le oj u chromic calls, 
rorexamplatftraaceits, eirn8artoceii20of Frg. l.Ceil 

^ 64 can have an eJectrcchromic compoaibon contained 
therein a/id be poisad to indicate a fresh battery. Cefl 
63 can be of a simJar construction, however, having to 
a dBTerent eiectrochromic oefl material and being 
poised to Indicate a good condition of me battery. 

• whfle cefl 65 is again of similar construction with a dif- 

• farant eio c fro chi un i ic material which Indicates that 

* the battery should be replaced. Cefl 65 is connected is 

atrip of material 07 which Is folded under and has a 
contact 69. At the opposite end of the teeter, a con- 
ductor 71 completes the connection to the poa&ive ter- 
minal of the battery. Alternative means of making 20 
contact between the ele uiuUuun ic cell or cede and 
ma battery terminate may be used. For example, one 
terminal of the ate o i oUuu rnic ceO can be in drect 
contact with one of me battery terminals. 

Aa shown m Fig. 3. me state^<rtarge locator 23 
is continuously tn contact wim the negative and posi- 
tive external terminals of the battery. When used in 
such application*, ft is praf c iied to use a sofid state 
electrocftomic cefl, trie layers of which am applied as 
coatings over the transparent conductor on the so 
interior of the deoochrorruc cell cover. Sot Id state 
electrochromic ceils tend to draw substantially leas 
currant than toh/bon eiectrochrornjc or eiecttoche- 
michromic material*. When the latter rnateriata are 
used, ft is preferred to um a suitable switch such as as 
switch 35 (Tig. 1) to momentarty connect the battery 
tasting device across the tarmmeie of the battery and. 
after the reading Is complete, me switch should be 
opened to eJectricaiy isolate tne battery from the test- 
ing device. 40 

Fig. 4 shows ma and cover 75 of a battery having 
a terminal 77 and Btroe aisniuJuuiik battery stats- 
of<narga Moating devcee 7a, 81 and 83. The mO 
vidual al ecao ctsw i ^ cs^a^aa^aoVcc^nectadto 
or»termmtiorm*caiLAcon*j^ <s 

contacts ma oppcane etectrooe wttsn ma eiecttoc- 
hiomic cell and the other external tsrrninal of the bat- 
tary. A sirniar contact mesne can also be provided tor 
cads 61 and 83 (not eftown 10 atnetoV ma drawing), so 
Qecmxhrornto ceee 79. 81 and 83 can be eubetan- 
tSafly sen2ar to oats 64. 63 and 86, ae shown m F*. 
3.Agaln,tfa*utabie solid etate eteo^ocnrornlc oefl ia 
used, ma cous can be left tn continuous contact wfth 
the external aummsis of me battery. If a solution ts 
oiectiwJten u UM ui*-osfl ia used, a h preferred to pro- 
vida a ewftcrwto atactricafly ieotate the testing device 
unta It ia actualy to be used for tasting. 



Figs. 5 and 6 are similar to Fig. 4. In Fig. 5. end 
cover 65 has a single electrocnromic cell 87 directly 
connected to one battery terminal and connected by 
a suitable circuit means 8a to me opposite terminal of 
me ceil. Fig. 6 shows an and cover 91 wtth an 
attached electrochromic cell 93 electrically connected 
by a suitable conducting means 95 to the opposite ter- 
minal of me battery. The efectrochromic ceils, as 
shown in Figs. 5 and 6. would preferably have an 
associated colour scale 100 on the battery label. The 
colour scale has three coloured portions 101 to indi- 
cate a fresh ceil, 102 to indicate a good oefl and 103 
to indicate a ceil which should be replaced. The per- 
son using either one of the battery state indicating 
devices of Figs. 5 and 6 merely observes ma colour 
visible M the cefl 89 or 93 and compares ft wrth the col- 
our dots of me scale 100 to determine the state of me 
battery. 

As indicated above, me battery state indicating 
device can be in continuous electrical contact wim me 
external terminals of the battery. Since the testing 
device does draw current ft is preferred to have seme 
type of an external a witch to isolate ma tasting device 
from the battery. 

The state-of<harge indicating device can be 
used in either an open circuit or a dosed circuit mode. 
In me dosed circuit mode the voltage of the battery is 
tested under load. Figs, 7A and 7B show a typical 
open circuit configuration for testing a battery. In Fig. 
7A. electrochromic cefl 1 30 cs connected in series with 
battery 131 to be tested. In Fig. 78, electrochromic 
cefl 130 is again connected to battery 131; however, 
in mis circuKs switch 133 ia used to take the sJectroc- 
hrorruc testing device out of the cfreuft so as not to dis- 
charge the battery, tt can be seen m the open circuit 
test that no load other than me els cuucluom ic cefl 
ttseff is pieced across the terminals of the battery 
being tested. 

Referring to Fig, 8. this figure represents a typical 
dosed circuit test in which a load resistor 135 la 
placed screes the ele c tro chr o m ic oefl 130. The bat- 
tery 131 ia again connected lor tasting or isolated by 
a switch 133. 

In the open circuit measurement circuit, as shown 
In Figs. 7A and 7B» me electrochromic cefl should be 
poised to sense the range of voltage produced by the 
battery 131. When a different voltage range Is pro- 
duced by different types of batteries, dffferent etec- 
tro chr orn ic materials can be used In me 
electrochromic cefl. In the circuit of Rg. 6, the load 
resistor 135 can be varied to match the eiectroo- 
hrornic cefl 130 to the potential produced by the bat- 
tery 131 in addition to selection of the ap p r op riate 
electrochromic material. The load resistor 135 can be 
formed using an electrode having Intermediate resis- 
tivity such as the transparent electrode on the inside 
of the cover of the siecbocfuomic device. Such an 
electrode can be shaped or patterned to vary me resi- 
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stance and serve as :he load along which the potential 
decreases. 

Tha selection and matching of the voltage range 
of the tiectrochromic material can thus be ls/gety 
avoided by using a testing circuit such as that shown s 
In Rg. 0 in which the resistivity of the electrode, for 
example the transport rtt conductive elecbode 41, 
provides the resistive load and, tn combination with 
the eJectrochromic cell 130. acta a voltage divider. In 
this ceil, the voltage drop scroti the electrodes of the 10 
eiectrocnromic device varies from the dosed drcuft 
voltage outlined at the left end of the etecfroctaomic 
cell, as shown in fig. 0, to a lower voltage (possibly 
zero volt) at the other endL With this type of Indicator, 
the state of charge of the ceO Is determined by the 16 
position of the colour In the efectreerromic device. 

In an additional embodiment of the tester of the 
present Invention, referring to Rgs. 10 and 11, the 
several components making up the electrochromic 
cell can be applied to the label, indicated generally by *> 
140. during the label printing process where approp- 
riate graphics 142 are applied to the label for 
example, the electronically conductive members of 
the electrochromlc cell, for example the conductive 
electrodes 26 and 41 and their conductive connective as 
members to the battery, can be provided by venous 
means such aa by printing a conductive pattern on s 
tabel substrate using conductive ink or paint Alterna- 
tively, conouctive patterns can be formed on a con- 
ductive subsists by etching technlcue* to remove x 
unwarned porbone and by providing (for example by 
printing) suitable electrical insulation where needed. 
The solid e4ectrocrttxrau^2Scanataobepnnte<!. 
The electrolyte layer 24 or electiochemicrtromic leyer 
(a combination of 25 and 24) can be printed as s sol- 36 
utoon and men cured or dried. That electrical con- 
ductive member, for example member 41. through 
, which the olo umi s um ic material can be viewed can 
be printed in the form of s grid or other open pettern 
or can t>ee va^^epoeMoptlcalrynraparemme- *o 
tenet. 

The label and tester can be prepared so that one 
electrode of Sie tester la in atecsioal contact wttn one 
external terminal of Vie beaary. tn an embodtmsnt of 
the testerwherethe label iemeds up of eeveraJ layers. «s 
Including e metafile layer, fte metafile layer can serve 
as a conductive element or contact to the etec&oc- 
ruomiccetL EUher electrical conductor 27 or 29 can be 
printed on me label so that t terminates near one 
external terrmneJ of the battery without making elec* so 
trie* comacL The other conductor can be printed so 
matftwBtmeJu^lscbicalcCTMa^ 
battery when the label is applied. The open circuit can 
then be closed by bridging an electrically conductive 
metal article, even the positive external terminal of a « 
second -baxtery. between the oonductor on the label 
and the end cap to activate the tester. 

In the manufacture of the label end battery volt- 



age tester, it is preferred to use a web of the substrate 
material which can hold mam/ labels snd run the web 
through suitable printing ope rations or coating oper- 
ations where the graphics for each label can be 
applied to the web along with each layer of the tester. 
After the label and testers have been applied, the web 
of materisf can be run through a suitable punch or die 
cutting operation to separate the individual (abets 
from the web so that the labels can be applied to bat- 
teries in the finishing of the battery during the heat 
shrinking of the label. 

From the above description It can be seen that a 
device can be provided for testing the stats of a bat- 
tery which can be applied to the bouamg or end covers 
of the battery and left in place at all times. Since the 
device does not rely on heat the thermal mesa of the 
battery win not affect the operation of the device. 
When the electrical drcuit for the testing devfce is 
completed, the electrochrornto material will change 
colour indicating the state of the ceil. 



Clslms 

1. An electrochemical ceO and a stato-of-cnarge tes- 
ter therefor, characterised In that the tester Is sec- 
ured to the cefl and comprises ete UiociBuniu 
material which changes colour according to the 
redox potential to which t is subject and which 
provides an indication of state-of*charge of the 
celt thereby, said sfectrocrvomic material being 
sandwiched between electrically conductive 
layers connectabte wfth opposing terminals of the 
cell, the outermost lays* permitting a user to vlsu- 
sty determine the cotarimetric stale of the etec- 
troc hr o mi c material, the tester prefsrabty being 
comprised in a label for the ceO. 

2. A cell snd tester according to claim 1 , wherein the 
etectrochromic material provides a large surface, 
or at least a dearly visible surface, so that the 
user can observe any colour change readiy. 

a. A cell snd tester according to daim 1 or Z wherein 
the elecrahrornic arterial is flat, or In the form of 
afBm, 

4. A cad snd tester according to any preoedtng 
dam. wherein the tfecttochromic material b 
situated at or near the surface of the battery con- 
tainer, or at or near the surface of the bsttory 
cover. 

5. A cefl and tester according to any preceding 
cteim, wherein the el c iouc lu um fc srteriai ts con* 
nected to a first terminal by a conductor connect- 
ing Its underside to the terminal, the conductor 
preferably being ^ the form of s wire, and contact- 
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ing the electrochromic material directly, cr via an 
electrolyte. 

A cell end tester ecoording to any preceding 
dalrn, wherein (he upper surface of the efearoc- $ 
hromic material tt tn contact with a suitable elec- 
trode and wherein at least pan of the 
eieUiuciaunic material ts visible through the 
electrode. 

to 

7. A cefl and tester according to any preceding 
claim, tocher comprising a switch. 

*• A ceil and teeter according to any preceding 
claim, wherein several different electochromic is 
materiata are used tn order to Indicate differing 
states of charge of the ceC. 

A cefl and teeter according to cteim 8. wherein the 
Afferent intficatora are disposed on top of one 20 
another in increasing order of solvation, so that 
only one colour is ever visible, but the colour 
which is visible wffi Indicate the state of charge, or 
are arrayed side by side, and the number or 
arrangement of different colours used to indtcete 25 
state of charge, 

10. A ceil and tester according to sny preceding 
claim, wherein the in dic a tor goes deer on act>- 
vaUon to expose e message, or changes colour jo 
and is conformed so es to display a message of 
that colour, or la beneath s mask which shows a 
message. 
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